We have developed an agent for external use to deliver xenon into the skin. Using the model of skin wound we have studied the effect of xenon on the process of wound healing in rats. It has been shown that the application of xenon-containing cream on wound surface significantly accelerates the healing process as compared to control animals where cream without xenon has been applied.
Introduction
Biological effects of xenon mainly studied in the field of anesthesiology and therapy [1, 2] . In previous studies with xenon inhalation have shown that xenon has neuroprotective [3-6], analgetic [7] [8] [9] , antihypoxic [10] cardioprotective activity [11] , exhibits anti-stress and adaptation effect [12] , works as cryoprotecting agent in frozen cell cultures [13] . Based on the fact of xenon high solubility in fats and to a lesser extent in water [14, 15] , we have developed a technology for producing liquid media with different compositions xenon [16] . Given that the application of liquid media with xenon skin observed its transdermal diffusion [17] , it is reasonable to assume that xenon can affect the dynamics of healing, since it is in the area of the wound surface the metabolism is more intense than in the intact adjacent areas. To create a high local concentration of xenon on the skin surface, it is necessary to use agents (creams, ointments, etc.) with high lipophilic content. It is also necessary to take into account the convenience of using such an external agent. The most appropriate means such, in our opinion, would be an emulsion with a high content of lipophilic components. On the basis of such emulsions with a high content of lipophilic substances external agents saturated with xenon can be developed in various forms. In this paper we investigate the effect of topical application xenon on the process of healing of skin lesions (excision wound).
Materials and methods
Experiment on animals were conducted in accordance with WMA Declaration of Helsinki and within a frame of Russian legislation for the use of animals in biomedical research. Work has been done on 30 mixed white male rats weighing 150-180g. All animals were divided into 3 groups of 10. In all animals under light ether anesthesia scalp was removed and in the central region of the upper third of the back full-thickness skin excisions were made. Wounds had a circular shape with a diameter of 6 mm ( Figure 1 ). The first group (control) after excision of skin is not subjected to any stress. In the second group of animals after skin excision on the wound surface 0.2 -0.3 ml of cream was applied without xenon every morning and evening. In the third (experimental) group after excision of skin daily (morning and evening) was applied xenon-containing cream. Patches of wounded skin were taken for a histological study at 7th and 15th day after wounding. The cream for external application was prepared according to the formulation, which includes: olive oil, water, xenon, thickener / emulsifier DC RM 2051 (Sodium polyacrylate, dimethicone, cyclopentasiloxane, trideceth-6, PEG / PPG-18/18 Dimethicone, Dow Corning Corporation, USA), Euxyl 712 preservative (sodium benzoate, potassium sorbate, Shulke & Mayer GmbH, Germany) at room temperature. Using DC RM 2051 allows adding a large amount of oil (40%) in the composition of the cream. Before mixing and homogenizing the components xenon was dissolved in olive oil at ratio 200 cm 3 / 100 ml. Immediately after preparation, the resulting emulsion was poured into a 10 ml sealed containers.
Results and discussion
Histology of wounded and intact skin on day 1 st is shown in Figure 2 . Healing of the wound area occurred in all rats by primary intention with scab formation of characteristic dark brown color. The animals of the first group macroscopically observed a slight decrease in size of the wound for the first 7 days (Figure 3) . Morphologically it marked the beginning of the epithelium creeping on wound surface. On day 15 the animals of this group macroscopically observed wound healing with scab rejection (Figure 4) . On histological preparations the restoration of the epithelium was observed, however, elements of the dermis of the skin and appendages are underdeveloped. In the second group of rats, the regeneration picture (macro and microscopic) was not significantly different and correspond to the control group. Scab virtually disappeared for 9 th -10 th day. In the third group on day 7 the wound healing was more pronounced. Wound size was reduced to about 2/3, scab almost disappeared. There was a rapid restoration of hair in the area of the wound. On day 15 the epidermis structure was close to normal, also observed active regeneration of dermis and appendages of skin due to proliferation of dermal cells, vascular neoplasm, and restoration of the structure of sebaceous glands ( Figure 5 ). In this experimental work we have demonstrated the efficacy of xenon present in a cream applied to the wound surface, to enhance the skin regeneration process. Furthermore, it has been observed more rapid recovery of hair. The cream formula used in this study does not include active components used in the treatment of external skin lesions, thus skin wound healing caused directly by xenon dissolved in applied cream. Proposed agents for external use are based on sole mechanism of action -lipophilic vesicles carrying xenon in high concentrations of xenon are readily absorbed onto the surface of epidermis as compared with other components of an external agent (Figure 6 ). On epidermis (1) is applied a cream (emulsion), (2), comprising a lipophilic vesicles (3) with a high content of xenon. Absorbed in the epidermis vesicles provide conditions for an effective diffusion of xenon in deeper layers of skin.
Conclusions
The xenon-containing emulsion we have developed may serve as a prototype for other external agents in various forms (cream, gel, ointment, etc.). Furthermore, the xenon may be added to already known formulations of means for external use, containing active components, including the form of a patch. Thus, we believe that obtained data can be used in the development of external means used for healing of skin lesions of various origins.
